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1. INTRODUCTION 

In more recent years, the world is faced with climate change and forced to think of ways to reduce 
greenhouse gas emissions, renewable energy sources [1], [2] has gained momentum as an alternative to non- 
renewables and polluting sources such as oil, gas and coal. The solar energy has become one of popular way 
to power homes and buildings. Photovoltaic technology has advanced and made solar panels more flexible 
and easier to install. Solar power not only has the capacity to power an individual home, but even with a 
storage system there is often an excess of energy generated that can be exploit. 

To go one-step beyond this, reseachers are devloping the idea of sharing this excess energy with 
other homes within the community and starting microgrids for sharing the excess of electricity between 
homes in standalone areas. One of the biggest challenges with solar sharing is the unpredictability of 
photovoltaic system outputs and the difficulty of matching the energy demand and supply for consumers. 

A number of previous studies have presented different methods of renewable energy sharing in 
microgrids to reduce total energy costs or avoid electrical energy waste [3]. An efficient energy sharing 
system [4] has been developed based on a cluster controller to share energy among homes. Energy is shared 
with other homes through additional DC power line. Each home is equipped with a photovoltaic system and 
an energy storage unit. Another study has proposed a distributed incentive-driven energy sharing system in a 
sustainable microgrid to solve the mismatch between energy generation and consumption in each home [5], 
[6]. It uses a common power line as an energy sharing media; an information line is used for ensure the 
communication between homes. The power switch is used to control energy sharing. Another solution, one 
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that brings a new approach to managing and optimizing distribution of electricity coming from the 
photovoltaic system in standalone micro-grids and recovering the maximum of electrical energy waste using 
a new system of electrical power mutualization between homes in standalone areas [7]. This approach draws 
upon the electrical energy required from each home. Moreover, it can respond to the high-energy 
requirements by each home in real time. The proposed system is used to control and share automatically the 
PV blocks among as many homes as possible. 

The purpose of this work is to present a new approach of managing and optimizing the distribution 
of electrical energy coming from the photovoltaic panels between homes in standalone micro-grids. This 
approach is based on automatic photovoltaic energy sharing depending on the state of charge (SOC) of the 
electrical storage unit using by each home and on the electrical power consumption of each home. Moreover, 
the present architecture can limit the electrical energy waste and respond to the high-energy requirements by 
each home in real time. The proposed system is used to control and share automatically the PV panels among 
as many homes as possible. The rest of this paper is organized as follows: Section II introduces the 
photovoltaic energy sharing system (PVESS), the switch topology and discusses the PVES algorithm. 
Section III gives an overview of the system architecture. Section IV present the disecussion and results. 
Finally, Section V concludes the paper. 


2. PHOTOVOLTAIC ENERGY SHARING SYSTEM (PVESS) DESCRIPTION 
2.1. Switching Matrix 

The photovoltaic energy sharing (PVES) system is used to control and share automatically the PV 
panels or strings between homes in standalone areas. Figure 1 shows the synoptic of the photovoltaic energy 
sharing system, all homes are connected to the system, it manages the sharing of photovoltaic panels between 
two homes at least; each home is equipped with photovoltaic panels, electrical storage unit and DC/DC 
converter. The photovoltaic panels are connected to different homes load via a switching matrix. Figure 2 
shows the interconnections between homes and different panels. 


Figure 1. Synoptic Diagram of the photovoltaic enrgy sharing system in standalone microgrid 


The switching matrix is composed by Nsw relays to allow a parallel combination between shared 
PV panels or strings and different, according to the topology shown in Figure 2. 


Nsw = Nov * Np (1) 

Each PV panel will have to be connected to any other string of any home. Thus, the positive 
terminal of a PV panel will be connected to the positive terminal of any other string. Likewise, the negative 
terminal will have a means of connecting to the negative terminal of any other string.However, for the 


reconfiguration system used, only (Npv*Nn) switches will be utilized to reconfigure the PV panels connection. 
Nh is the number of homes in standalone microgrid and N,v is the number of photovoltaic panels such: 


Now = Dots Np) (2) 


Np(U) : is the number of personal blocks of each home. 
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Figure 2. Schematic Diagram of the PVBM Switching Matrix 


2.2. PVESS Algorithm 
To control the switching matrix and generate the adequate PV panels configuration. An algorithm of 
PV panels sharing is developed in order to reconfigure the PV panels and connect them in parallel with the 
different homes in standalone micro-grid, depending on the state of charge of the electrical storage unit using 
by each home and on the electrical power requirement of each home. The proposed algorithm applies to Npv 
number of photovoltaic panels and Nn number of homes. 
This algorithm is developed so that any home, in case of trouble, can connect at least to his personal 
Pv panels. Figure 3 shows the flowchart of the algorithm implemented in the microcontroller for controlling 
the switching matrix. The proposed algorithm consists in reacting instantly following the change of the input 
variables (the state of charge of the electrical storage unit using by each home and on the electrical power 
requirement of each home) and calculates the optimal configurations of the switching matrix according to the 
following steps: 
Step 1: Identify the total number of homes (Nn) in standalone microgrid and the number of personal PV 
panels (Np) of each home. 
Step 2: calculate the electrical power consumption (Ph) of the first home (k), estimate his battery state of 
charge (SOC) and detecte the number of free PV panels (Bank). According to this three parameters, the 
PVES algorithm responds as follows: 
> In the case where the battery of this home (k), is fully charged and his electrical power consumption is 
less than the maximum power provided by one PV panel (Pv). The PVES algorithm subtracts all the PV 
panels connected to this home (k) and adds them to the Bank (construct the reserve of PV panels to share 
them with other homes (k '4 k)). Then the algorithm passes to the next home. 
> In the case where the battery of this home (k), is fully charged and his electrical power consumption is 
greater than the maximum power provided by one PV panel Pv. The PVES algorithm passes to the next 
user (k + 1). 
> In the case where the battery of this home (k) is discharged, the PVES algorithm tests the reserve of free 

PV panels dedicated to the sharing with other homes (the Bank). Two cases are possible: 

1. If the number of the home (k) personal PV panels (Np (k)) is strictly greater than the number of 
instantaneous connected PV panels (Nh (k)) to this home: The PVES algorithm searches for another 
user (k) '#k) which uses a number of PV panels greater than the number of his own PV panels. The 
control device subtracts a block from the home k' and adds it to the home k. Then the PVES algorithm 
passes to the next home (k + 1). 

2. If the number of the personal PV panels (Np (k)) to the home (k) is less than or equal to the 
instantaneous number of connected blocks (Nh (k)) to this user: the PVES algorithm passes to the next 
user (k + 1). 
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Figure 3. Flowchart of PVESS algorithm 


3. PVES SYSTEM OVERVIEW 

In this section, we briey overview the system architecture and introduce the hardware architecture to 
achieve photovoltaic energy sharing among multiple homes in standalione microgrid. The proposed energy 
sharing system uses electronic devices to control the energy sharing among homes. The PVESS collects 
information (battery SOC and electrical power consumption) from homes and then arranges the PV panels 
sharing among homes. 


3.1. Battery SOC Determination 

The most used methods for state-of-charge (SOC) estimation in lead acid and lithium-ion battery are 
based on ampere-hour counting [8], estimation of the open-circuit-voltage (OCV) [9], impedance 
measurement [10], in particular the ohmic and the DC internal resistance of the cell. For each method, there 
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are advantages and drawbacks. In the PVES system, the method based on ampere-hour counting is used to 
estimate the SOc battery of each home. 

The ampere-hour counting or balance charge is a sign conform measurement of the amount of 
balanced charge, which has been stored in or taken out of the cell, normed to the nominal capacity Cx. More 
exactly: The SOC of the battery at any hour t, SOC(t), depends on the SOC at the previous hour SOC (t _1). 
The following conditions need to be taken into consideration for energy flows from (t-1) to t: At any given 
hour, the battery SOC will be given by the expression: 


SOC(t) = SOC(t — 1) + n-P- — naPa (3) 


In which, ne is the battery charging efficiency, and na is the battery discharging efficiency. The 
following general expression derived from (3) applies to the battery dynamics: 


SOC(t) = SOC(O) + Ne Mra Pe (T) — Na Ue=1 Pa (T) (4) 


where SOC(0) is considered as the initial SOC of the battery, the SOC at the time to.=0. Ne )5_, P. (T) is the 
power accepted by the battery at time t and ng :5_, Pa (T) is the power discharged by the battery at time t. 
The available battery bank capacity must not be less than the minimum allowable capacity SOC min and must 
not be higher than the maximum allowable capacity SOCmax [11] with: 


SOCnax = (1 — DOD)SOC yin 
where DOD is the depth of discharge expressed as a percentage. 


3.2. System desiegn 

The scenario proposed in this paper present standalone microGrid nodes in a small community with 
five homes. Where each home is equipped with two PV panels (100W), battery (12V / 700Ah) and DC/DC 
inverter for charge controling. In this embodiment, all PV panels are able to be share with other homes, 
which makes ten blocks are permanently shared between the five homes. As shown in Figure 4 the different 
component of PVES system comunicate between them using a programmable electronic board. In order to be 
able to distribute the PV panels on the different homes and to process all possible configurations, the 
switching matrix consists of fifty electronic relays connecting each home to the different PV panels. 
According to the topology described in Figure 2. The switchs are controlled by an electronic board, which 
delivers a control voltage for each switch (5V closed relay, OV open relay). In this system, a battery state of 
charge estimator is used for each home; a current sensor and a voltage sensor are installed at the load 
terminals of each home to detect the electrical power consumption. The value of this power will be compared 
with a threshold value Pb equal to the maximum power delivered by one photovoltaic panel. An Arduino, 
FPGA board or a nother programmable electronic board is used as controlling and processing unit to 
implement the method of PVES managing according to the steps described in the flowchart of Figure 3. 


PV PANELS 
SWITCHING 
MATRIX 


PROGRAMMABLE ELECTRONIC UNIT FOR 
CONTROLLING PVSESS 


CURENT VOLTAGE SOC ESTIMATOR 
SENSOR SENSOR 


Figure 4. The PVES system component 
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4. RESULTS AND DISCUSSION 

According to the example of scenario presented in this paper, Table 1 summarizes during one month 
the daily electrical power consumption of each home in standalone microgrid, the percentage of days with a 
fully charge batteries, the percentage of days with discharged batteries and the average value of electrical 
energy wasted due to a fully charge of the batteries. 


Table 1. Random scenario of electrical power consumption of five homes during one month with and without 


using PVESS 
percentage of days with percentage of days with electrical energy wasted 
Daily avrege fully charged batteries % discharged batteries % (Daily avrege) [Wh] 
Homes consumption Without F Without ; Without ; 
D Uig AE Usg g Wang AE 
PVESS PVESS PVESS 
Home 1 760 0 45 20 5 222 50 
Home 2 700 29 75 0 0 291 36 
Home 3 498 79 95 0 0 439 25 
Home 4 760 0 40 35 15 186 5 
Home 5 199 100 100 0 0 700 55 


In this typical scenario and during one month, Figure 5 presents the comparison between the amount 
of electrical energy losted by each home in the standalone microgrid, with and without using the photovoltaic 
energy sharing system. According to Figure 6, the PVESS can recover and share more than 97% of exceded 
electrical energy produced by the home 4 and more than 90% of electrical energy produced by all homes on 
the microgrid, compared to standalne homes equipped with a conventional photovoltaic system. 
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Figure 5. Electrical energy lost produced by each home with and without using PVES system 


120 

5 
2 100 
© 
S 80 —_~ 
& 60 
5 > 

L 
ga 40 
g 20 
5 (o) 
S Home 1 Home 2 Home 3 Home 4 Home 5 

Homes 


Figure 6. Percentage of electrical energy suplus shared by each home 
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Thus, the PVES method presented in this paper allows recovery of maximum electrical energy wast 
and share it with other homes in micro-grid. In addition, proposed system can serve as a basis for analysing 
and managing critical situations, not treated by the photovoltaic blocks mutualization system, described in the 
paper [7]. The PVBM system does not take into account the state of charge of the batteries. Which causes: 

- The batteries of any home can totaly discharged after the mutualization process. 
- Decreasing the number and length of battery discharge, which affect a battery’s ability to deliver power. 

In addition, the systems of photovoltaic energy sharing that does not take into account the SOC of 
the batteries, increases the total number of charge/discharge cycles and decreases the battery life. Finally, the 
PVES system described in this paper proposes a decreasing in the number of DC/DC inverter compared to 
the PVBMS. 


5. CONCLUSION 

This paper, proposes a new system of photovoltaic energy sharing in standalone micro-grids using 
photovoltaic panels. This proposed system is based on automatic electrical energy sharing, depending on the 
state of charge (SOC) of the electrical storage unit using by each home and on the electrical power 
consumption of each home. The electrical sharing system is connected to each home in micro-grid, according 
to the topology of switching matrix developed in this paper. It manages each home’s energy use, and assigns 
more energy to a large energy-consuming home. This architecture contributes to reducing total energy lost. 
We also developed a consumer energy sharing algorithm to minimize consumers’ electrical lost and improve 
the energy sharing efficiency. 
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